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Guinea pigs are usually sensitized to simple
chemical allergens by skin contact, viz, in-
tradermal injection or topical application.
Generally, several repeated injections or appli-
cations are more efficient. Application over mod-
erately inflamed sites (e.g. cantharidin) can
improve the sensitization rate with weak sen-
sitizers. The resulting sensitivity is of the
delayed type; it can be transfered with living
lymphoid cells but not with sera (1, 2, 3).
Incidental circulating antibody sometimes ap-
pears but it is not fundamental to the delayed
hypersensitivity (4).
Ordinarily the intramuscular, subcutaneous
and intraperitoneal routes are ineffective. How-
ever, if allergen is incorporated into an
emulsion containing paraffin oil and tubercle
bacilli, then sensitization very often results.
Water-in-oil emulsifiers, such as Arlacel A,
Aquaphor or Falba, are generally used (5, 6,
7,8).
Chase has described a technique for pro-
ducing exquisite delayed hypersensitivity to
picryl chloride (9, 10). Guinea pig erythro-
cytcs are lakcd, extensively washed, coupled
with picryl chloride and emulsified with
tubercic bacilli in paraffin oil. In the first step
of this "combination method," picrylated
stromata in adjuvant is injected intramus-
cularly into the guinea pig, or into the footpad.
One to three weeks later, in the second step,
a series of weekly contact tests with picryl
chloride arc begun. During the first three tests,
each succeeding test effects an intensification
of the degree of sensitivity. The extent of this
supersensitization is expressed better in some
strains of guinea pigs than others (11). The
animals ultimately reach an intensity of sen-
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sitization 10 to 30 times that of guinea pigs
sensitized by other means, and animals so
sensitized provide an excellent source of cells
in transfer experiments. However, the com-
bination method of sensitization is limited
to those well-defined chemicals that can be
coupled to red blood cell stromata, and which
conjugate will later be emulsified with paraffin
oil and whole tubercle bacilli. It should be men-
tioned that carriers other than guinea pig
erythrocytc stromata have been employed by
various workers for effecting primary sen-
sitization.
In work herein reported we describe a gen-
eralization of the "combination method" such
that the technique is potentially applicable
to a wide range of simple chemical sensitizers.
Further, the degree of primary sensitivity that is
attained is superior to that when hapten-carrier
conjugates arc used.
MATERIALS AND METHODs
Aninscls.—Guinea pigs are closed colony ani-
mals, free of Streptococci of Group C, maintained
on oats, cabbage and hay. The Rockefeller albino
strain have been bred for several decades for high
sensitizing ability to dinitrochlorobonzene. Sewell
Wright's Family XIII guinea pigs are propagated
in this laboratory by strict inter-sib or sib-pa-
rental matings, and maintained on Rockland pel-
lets, hay, water, and supplemental cabbage. In
our hands, animals of Family XIII sensitize poorly
to simple chemicals. Characteristics of these two
lines as well as of Hartley albino guinea pigs and
of our Sewell Wright Family XIII animals, with
reference to delayed hypersensitivity are tabu-
lated elsewhere (11).
Reogents.—Picryl chloride (1 chloro-2,4,6 tn—
nitrobenzene, or TNCB), I chloro-2 ,4 dinitrobcn-
zene (DNCB) and picric acid were purchased from
Eastman. Picryl chloride was recrystallized from
an absolute alcohol-bcnzenc mixture (2:1), the
others from absolute alcohol. The products were
stored as powder away from light at room temper-
ature. We used the following human sensitizers
without further purification: iodoform (powder,
Merck), formaldehyde 37% aqueous solution (Mal-
linckrodt), penicillin (buffered Penicillin G for
injection, U.S.P., Lilly), and quinine hydrochlo-
ride (N.F. XI, Merck).
Tubercle bacilli were a heat-killed human (Ja-
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maica 22) strain obtained as a culture from Dr.
Jules Freund. Medium weight paraffin oil was used,
having a Saybolt viscosity of 175—180 seconds at
1000 F.
To detect antibodies, conjugates of guinea pig
serum proteins were picrylated or dinitrophenyl-
ated. Picrylated serum proteins were prepared
by the chloroform method described in (10), and
contained 0.243 moles (51.5 mgm) picryl groupings
per gram of conjugate. The dinitrophenyl con-
jugated guinea pig serum was prepared from redis-
tilled dinitrofluorobenzene by the acetone tech-
nique of Benacerraf and GelI (12) and contained
0276 moles (46.0 mgm) dinitrophenyl groupings
per gram of conjugate.
Guinea pig erythrocyte stromata were picrylated
by the technique described in (10); stromata were
dinitrophenylated under similar conditions by use
of dinitrofluorobenzene and freed of residual re-
agent both by acid precipitation and by reaction
with glycyl-glycine at pH 8.0 for 1 hour (Macris,
N. T. and Chase, M. W.: unpublished experi-
ments). The stromata conjugates were used on the
basis of dry weight determined by alcohol pre-
cipitation. Picrylated and dinitrophenylated guinea
pig erythrocyte stromata were suspended in saline
and emulsified in paraffin oil with heat-killed tu-
bercle bacilli by means of Aquaphor (Duke Labo-
ratories), to give 11 mg stromata and 1.45 mg
tuberele bacilli in a volume of 14.5 ml of which
2.5 ml consisted of Aquaphor, and 6 ml each of
saline and paraffin oil.
The method of challenge and interpretation of
test reactions have been described in detail in pre-
vious publications (2, 3, 10). Briefly, the prospec-
tive test sites are atraumatically clipped with a
re-adjusted electric hair clipper and the animals'
hind feet are booted by a wrapping of waterproof
adhesive tape (usually not necessary for the placid
Sewell Wright Family XIII female guinea pigs).
Some hours later, one capillary drop of sensitizer
in appropriate solvent (cc. one-thirtieth milliliter
of water or one-fiftieth milliliter when olive oil is
used) is let fall on the clipped area and gently
spread with a fine glass rod with the grain of the
hair, so as to cover a circular area about 2 cm di-
ameter. Olive oil is a suitable testing solvent for
DNCB and TNCB. Ten per cent quinine hydro-
chloride is made up in butyl cellosolve (ethylene
glycol monobutyl ether, Fisher), and further di-
lutions made with olive oil for skin testing. Thirty-
seven per cent aqueous formaldehyde is usually
used directly. lodoform is dissolved in olive oil to
a maximum concentration of 2%; penicillin is
made up as a 3% solution in equal parts of olive oil
and butyl eellosolve. In all instances test concen-
trations are adjusted to produce negligible reac-
tions in unsensitized (toxicity) guinea pigs. Picric
acid challenge was made with 5% picric acid dis-
solved in equal parts of dibutyl phthalate and olive
oil, with further dilutions made with olive oil. Skin
reactions were recorded descriptively and only later
were these word descriptions evaluated (0, tr,
for comparative purposes. A key
Fio. 1. Sewell Wright Strain XIII guinea pig.
Five skin sites were injected each with 0.05 ml
paraffin oil containing 5 'y whole tuberele bacilli.
Twenty-four hours later, each site was injected
with 2.5 'y pieryl chloride. Contact tests were made
on days 17, 22 and 29 and the 48 hour reading of
sites tested with PC1 1/50% (-I-++t±, caudal)
and Y150% (++, cephalad) in olive oil are shown.
In a similarly treated control group tested on day
29 (but not on days 17 and 22), the skin reactions
ranged from 0 to a maximum of
for scoring the recorded descriptions is given in
(10).
Antibody determination by the technique of
passive cutaneous anaphylaxis followed the method
given in reference (13). PCA recipients were young
Rockefeller strain albino guinea pigs weighing
220—290 grams. 0.1 ml amounts of each test sera,
as well as a dilution of a standard serum, were in-
jected intradermally into separate sites on the back
in the para-central area between the pelvic girdle
and the fat pad at the base of the neck. The
guinea pig was clipped and challenged 17 hours
later with an intrajugular injection of dye plus
antigen. According to the weight of the guinea
pig, 0.5—0.8 ml of 0.5% Evans Blue U.S.P, (Warner-
Chilcott) was used; the proper conjugate, dinitro-
phenyl guinea pig serum (1 mg) or picrylated
guinea pig serum (0.5 mg) served as antigen. The
test sites were observed during ½ hour and the in-
terval changes as well as the final appearance of
the reactions were recorded. The strength of the
standard antiserum was selected to give final chal-
lenge reactions measuring between 14 and 17 mm
on the skin surface on guinea pigs of average re-
activity; its reaction in the pig in question was
taken as one unit. The standard one unit reaction
was used as the basis of comparison, positive test
sera being diluted to be of equivalent reactivity.
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Tests in poor acceptor guinea pigs (genetic, sys-
temic anaphylaxis) were redone. If test sera had
been diluted, the dilution factor was multiplied by
the units of the test reaction to give the final
unitage of the particular sera. For instance, a se-
rum tested at 1:10 and giving a reaction of ap-
proximately half the size of the standard serum
would contain about 5 units per 0.1 ml, and proper
scoring would be sought in further tests with a
1:5 dilution. The standard sera derive from guinea
pigs especially primed for antibody production
against the haptenic grouping.
RESULTS
In the experiments to be reported, direct
intradermal injection of allergenic chemicals
was made, preceded or followed by injection
at the same sites of heat-killed tubercle bacilli
in a paraffin oil of medium viscosity. With
properly chosen routines, the sensitivity at-
tained by the time of the first contact test
was unusually high when allergenic chemicals
such as 2,4 - dinitrochlorobcnzcnc (DNCB)
and 2,4,6-trinitrochlorobcnzcnc (picryl chloride,
TNCB) were employed. Further, the next sev-
eral contact tests revealed an ascending degree
of sensitivity that appears to represent an
anamnestic response of delayed hypersensitiv-
ity. The procedure is analogous to the "com-
bination method" mentioned above but here
can be more descriptively termed the "split—
adjuvant" technique.
Skin Sites Prepared with Paraffin Oil
Containing Tubercie Bacilli
In a typical experiment five skin sites on the
flank are each injected intradcrmally with
0.05 ml paraffin oil containing 2.5 y tubercle
bacilli (total 12.5 y). The sites are marked
with a skin pencil and twenty-four hours later
each site is reinjectcd, this time with 2.5 y
DNCB in 0.1 ml saline (total, 12.5 y). About
six days later, the injection sites enlarge and
become erythematous, coineidently with ac-
quired reactivity to tuberculin. In the suc-
ceeding weeks, these sites sometimes break
down and ulcerate, but because of the small
amount of tuberclc bacilli, undue tissue de-
struction is avoided. On elapsed days 12, 13
and 25, the guinea pigs arc patch tested with
DNCB by applying appropriate concentra-
tions of sensitizer in olive oil—between 0.2%
and 0.02%. That these tests boost the sensi-
tivity is clearly evident because guinea pigs
left without these intermediate tests will re-
main at a relatively low level of skin reactiv-
ity to DNCB, The degree of sensitivity so
attained is similar to that induced in the
"combination method" when priming is ef-
fected with dinitrophenylated guinea pig
stromata in complete Freund's adjuvant (a
total of 90 y IDNP-Stromata and 12 y tubercle
bacilli in 0.12 ml distributed among the four
footpads).
Similar results were obtained with an-
other strong sensitizer, pieryl chloride. For
this experiment, Scwcll Wright's Family XIII
guinea pigs were selected, because this stock is
rather resistant to sensitization when intra-
dermal injections of chemical allergens arc
made, for example to picryl chloride as in
reference (11). The sensitivity, attained af-
ter three boosts in different experiments,
showed a satisfactory reactivity even to 0.01%
and 0.002% picryl chloride in olive oil.
This basic technique of injecting allergen
into adjuvant prepared skin sites, followed by
a series of contact tests, has appeared useful
in preliminary attempts with Rockefeller
albino guinea pigs, to induce sensitization to
chemical sensitizers such as quinine and form-
aldehyde. It has proved to be decidedly ef-
fective in inducing sensitization to picric
acid; the latter experiments will be reported
elsewhere.
Skin Sites Pre pored with Allergen Prior To
Injection of Mycobacterial Adjuvant
It is possible to inject allergen into skin
sites prior to the adjuvant injected, if not too
long a time is permitted between the injec-
tions. Under these conditions, the sensitiza-
tion to DNCB was rather favored by injecting
the mycobaetcrial adjuvant secondly as com-
pared with the reverse procedure described
above. In such a typical experiment (DNCB
320) as is presented in Table I, intradermal
injections of 2.5 y of DNCB in five sites (total
12.5 y) were made on the flank into Rocke-
feller strain albino guinea pigs. One and a
half hours later, each of these sites was in-
jected with paraffin oil containing heat-killed
tubcrclc bacilli. Contact tests were made on
days 13, 20 and 27, a control group receiving
the same procedure but without the contact
tests of days 13 and 20.
The results of this procedure are shown in
Group 2 of Table I. Test T18 shows pronounced
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TABLE I
Increase of DNCB Hypersensitivity by Skin Testing
Groups I, II and IV each received five intradermal injections of DNCB (2.5 y) in 0.1 ml saline followed
90 minutes later by intradermal injections of 0.05 ml paraffin oil containing 2.5 y heat-killed tubercle
bacilli. In Group III, the skin of each guinea pig was shaved and five sites were stripped with cellophane
tape 10 times; then one drop of 1% DNCB in olive oil was applied to each site and these sites were then
marked for location. Ninety minutes later, 0.05 ml of paraffin oil, containing 2.5 y tubercle bacilli was
injected into each site.
In Groups I, II and III tests were made on days 13, 20 and 27 with different concentrations of DNCB
in olive oil. Maximum readings are recorded; where the maximum occurred at 48 hours, the scoring is
in brackets. In Group IV, intradermal injections of 2.5 y DNCB in saline were made on days 13 and 20,
and the contact tests of day 27 were made in parallel with Groups I, II and III.
The readings were scored as follows: 0, negative; tr, trace; tr, strong trace; many faint-pink small
spots; +, faint pink; ++, pale pink; +++, pale pink to pink; ++++, pink usually with some thick-
ening; ++-F+±, pink with distinct thickening or incipient epithelial injury; +++++, bright pink,
well-elevated or associated with plaques of superficial necrosis.
Selected bleedings of day 37 were tested for PCA vs. dinitrophenylated guinea pig serum (see Materials
and Methods).
______________
Day 13 Test Day 20 Test Day 27 Test
Group Preparation No. ________________________ ___________________ ____________ _________ Day 3'7PCA
0.2% 0.06% 0.02% 0.006% 0.02% 0.006% "units"
I DNCB i.d., 1 No Test No Test (+++++) —
Tbc i.d. 2 (±) prac. 0 —
1.5 hr. 3 (±) tr —
Lter 4 (+±) (±) —(++) (±) —
6 tr 0
II DNCBi.d., 7 +++++ +++++ +++++ + +++++ (++++) 2
Tbci.d. 8 +++++ ++++ +++++ ++ +++++ +± 0
1.5 hr 9 +++++ +++++ ++++± +± +++++ +++± 0
later 10 +++++ ++ +++± +± +++++ ++ —
11 (+++++) (++±) +± —
12 +++++ + (+++++) tr (++++±) (+±) —
III DNCBin 13 +++++ +++++ +± tr tr —
oil on 14 +++++ +++++ ++ tr? ++++ i
"stripped" 15 +++++ +++++ (+++++) 10
skin, Tbc 16 +++++ +++++ +± + +± 0 —
i.d. 1.5 hr 17 ++ ++ +± tr tr
later 18 ++ tr tr j__j_ tr —
2.5y-DNCB 2.5y-DNCB
IV DNCB i.d., 19 i.d. i.d. (+++++) tr 1
Tbc i.d. 1.5 20 " " (+++++) (++++±) 0
hr later 21 " " (+++±) tr —
22 " " +++++ +++ <1
23 " " (+±) 0 —
24 " " (+++±) tr —
reactivity to 0.06% of DNCB in olive oil, The sensitivity then rose, testing with 0.006%
whereas following the common procedure of giving good responses at tests T55 and T,
injecting DNCB without adjuvant a 1 or 0.5% rather higher at the later test. The boosting
solution is usually required to elicit reactions, effect of tests T13 and T25 is clearly evident
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from comparison of Groups 2 and 1; in the
latter ease T27 was the first contact test.
That intradermal injections as well as con-
tact application of allergen can serve as boost-
ing stimuli is seen by comparing test T in
Group 4, and in Groups 2 and 1. Further, the
boosting by the intradermal injections also
was observed in all six animals by their re-
sponses to the intradermal tests T1, and Ta,.
The readings of guinea pig No. 24 is typical:
injection T13 produced a 9 mm pink reaction,
well-elevated by 24 hours, increasing in in-
duration on the following day; the similar in-
jection T showed at 24 honrs a 14½ mm
pale pink reaction with a 6 mm necrotic cen-
ter, a light livid center 2 mm, and very
markedly thickened; at 48 hours the reaction
was well indurated, the central 6 mm area
being white and containing a necrotic center
4½ x 2 mm. The second intradermal test was
distinctly stronger in each animal.
A series of preliminary experiments was un-
dertaken in devising the experiment described
above in detail. When the times were varied
by 0, 0.5, 1, 2, 4, 8, 12, 19, 24, and 84 hours be-
tween injecting allergen and myeobaeterial
adjuvant, we determined that delays up
through 12 hours gave rather similar final re-
sults in boosting effect and in the ultimate
hypersensitivity, 19 and 24 being poorer and
84 hours least favorable. It was also shown that
the exquisite degree of sensitivity attained
by boosting through day 32 remained the same
for at least one month without further con-
tact with the allergen.
With the thought that still better sensitiv-
ity might be attained by blending the chemi-
cal allergen with the mycobaeterial adjuvant,
a test was made with dinitrochlorobenzene
which is limitedly soluble in paraffin oil. A
solution in paraffin oil (1 mg/mi) was
blended with 19 parts of a suspension of 50 y
of tuberele bacilli per milliliter of paraffin
oil. This suspension was injected intra-
dermally in five sites of 0.05 ml volume, and
was compared with animals treated as in
Group 2 of Table I. It turned out that there was
no superiority in blending the chemical aller-
gen in the paraffin oil; rather, slightly
superior results occurred when the split adju-
vant technique was used. This finding sug-
gests that the split technique is applicable to
a variety of compounds.
When the procedure of injecting allergen
first was applied in a single experiment to
Wright's Family XIII guinea pigs, the sensi-
tivity initially attained was a response to 0.06
and 0.02 per cent, but no pronounced boosting
occurred by further tests. It is to be noted that
Rockefeller albino stocks boosted typically
under the same regimen.
The question arises whether the boosting
effect actually represents an anamnestic re-
sponse of delayed hypersensitivity or involves
some kind of summation of delayed contact
type reactivity and circulating antibody. Spot
TABLE II
Exquisite Hypersensitivity to DNCB in Absence of Demonstrable Antibody
Rockefeller strain bino guinea pigs were sensitised by the split adj uvant technique, intradermal
injection into five sit of 2.57 DNCB in 0.1 ml saline followed shortly by injection, into the same sites,
of 0.05 ml paraffin oil rntaining 2.5 y whole tuberclc bacilli. On days 11, 19, 25, 32 and 68 the animals
were tested with diff( nt concentrations of DNCB in olive oil and the reactions recorded. The Tn reac-
tions are omitted, being similar to the T68 test. The four most strongly sensitive animals, shown in the
table, were bled on day 76 and the sera tested for passive cutaneous anaphylaxis (PCA) with use of
dinitrophenylatcd guinea pig serum. No antibody was detectable; all PCA test animals reacted well at
the specific control site.
Animal
Ti, Ti9 T,, Tn Day 76
0.2% 0.06% 0.02% 0.006% 0.002% 0.006% 0.002% antibody
714
717
726
727
(++±)(++++±)(++++±)
++++±
(+++++)
++±
++++
++++
+++±
(+±)
++++(+++)
+±(++++)
+++
pracO
(+)
+
(tr)
+++
++++zE
(+-l-++±)
+++±
None
None
None
None
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checks for PCA antibody are shown in Table
I, the procedure following the scheme used by
Battisto and Chase (13) as described above,
"units" representing the reciprocal of the dilu-
tion of serum giving equivalence with the
standard serum. It will be noted that only one
animal out of three tested in Group 2 showed
any antibody and that traces of antibody oc-
curred in 2 out of 3 tested in Group 4 (boosted
by intradermal injections and therefore most
apt to develop circulating antibody) (14). This
finding with Groups 2 and 4 indicate that
exquisite hypersensitivity can exist without
detectable circulating antibody, although low
levels may be found sporadically. More con-
vincing in this respect are the data of Table
II in which no antibody was found at day 76
although the contact reactivity at test T was
quite high. Spot cheeks for PCA antibody
were made in five animals of this particular
group on day 28, no antibody being de-
tectable; of the four animals shown in Table
II only No. 717 was checked at day 28. In the
other three animals comprising Table II, anti-
body in small concentrations might of course
have been present around day 35, but cer-
tainly the T6, reactivity reflects no essential
antibody component.
An attempt was made to see if the split
adjuvant technique would be applicable to
sensitization with a protein antigen. In sev-
eral experiments with five simultaneous in-
jections of 0.1 y ovalbumin into animals of
Wright's Family XIII, this split adjuvant
technique indeed resulted in much enhanced
delayed hypersensitivity, clearly discernible
when test amounts of 3 to 0.03 y were injected
intradermally on day 6.
Topicol Application of Sensitizers in
The First Step
It could be of advantage to be able to produce
high sensitivity by applying the sensitizer to
guinea pigs epieutaneously. Preliminary ex-
periences suggest that this can be done. As
indicated in Table I, Group 3, six animals were
painted with 1% DNCB in olive oil on skin
denuded by cellophane tape "stripping," after
which paraffin oil containing tubercle bacilli
was injected intradermally (see legend). The
animals thereby were suitably primed for sub-
sequent boosting by skin tests. It is to be noted
that this technique produced PCA antibody in
both of two animals bled at day 37, one show-
ing rather large amounts of antibody. Their
final DNCB sensitivity was of the same order
of magnitude as that of guinea pigs primed
by the split adjnvant technique with intra-
dermal allergen (Group 2 of Table I). Addi-
tional animals stripped five times became
equally sensitive. Whether any preliminary
denuding of the skin is of advantage was not
determined. A similar limited experience was
secured by preparing sites with mycobac-
terial adjuvant and, on the following day,
stripping the skin five times and applying 1%
TNCB in olive oil epieutaneously.
Only indifferent experiments have been se-
cured to date with the weak sensitizers form-
aldehyde, peuicillin and iodoform by the
split adjuvant technique, using topical sen-
sitizer and intradermal paraffin oil containing
heat-killed tuberele bacilli.
DJ5CU5SION
In the foregoing, it is shown that a superior
degree of hypersensitivity to simple chemical
allergens can be attained by injecting heat-
killed myeobacteria in paraffin oil into the
skin at the site of application of the allergenic
chemical. To avoid pronounced sloughs, the
quantity of mycobacteria used is small. Some
experience with this procedure was gained by
one of us (M.W.C.) in 1940, when incorpora-
tion of DNCB in paraffin oil containing my-
cobaeteria was used.
The present paper extends the earlier ob-
servation and presents rather novel findings.
The two types of application can be made at
separate times, so that it is appropriate to
designate this procedure as the "split adju-
vant" technique. When the mycobacteria are
deposited first, the allergenic chemical is in-
jected on the following day. With initial in-
jection of the allergen into the skin, the in-
jection of mycobacteria is preferably made
within 12 hours, and has usually been prac-
ticed at 1.5 hours.
Rather importantly, animals of Sewell
Wright's Family XIII, usually found to develop
only feeble sensitivity to simple chemical
allergens, were found to become quite satis-
factorily sensitive by first contact to 0.2%
TNCB or 0.2% DNCB when the split adjuvant
technique was used.
Attempts to apply allergen epicutaneously
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were begun, the skin being subjected arbi-
trarily to preliminary "strippings" with cello-
phane tape. In one experiment (Table I,
Group 3), effective sensitivity to an initial
challenge of one drop of a 0.06% concentration
of DNCB in olive oil was secured.
The advantage in using the split adjuvant
technique goes beyond the finding of higher
sensitivity at the initial contact test. As in
the "Combination Method," in which picry-
lated or dinitrophcnylatcd guinea pig crythro-
cyte stromata are used with Freund-type com-
plete adjuvant, successive skin tests were
found to boost the level of sensitivity re-
markably. Examples are given in Tables I and
II, and arc comparable to the boosting seen in
the "combination method" (9). With the in-
bred Family XIII guinea pigs, boosting occurs
also but the extent has been variable, at times
in the range of 0.006—002 per cent TNCB in
olive oil, at other times to 0.006—0.02 per cent
TNCB or DNCB in olive oil.
The question arises whether this boosting to
a level of exaggerated sensitivity exemplifies
a true anamnestic response in the area of de-
layed hypersensitivity, that is, that the
"boosting" does not represent an important in-
crement owing to a mixed type of reactivity
reflecting both cellular and humoral factors.
Antibody was sought during and after attain-
ment of a plateau in the extreme hyper-
sensitivity. In some of the animals, PCA
antibody could be detected in modest concentra-
tion around day 30 (Table I, Group 2) even
when there had been no excoriation of the
epidermis during the treatment (as in Group
3) or repeated intradermal injection of sen-
sitizer (as in Group 4). Whether such anti-
body arose and declined seems immaterial
since by day 68 no antibody could have par-
ticipated in the reactions shown in Table II,
for this particular testing did not provide a
recall for antibody production when serum
was examined eight days later. It is concluded
that the booster effect of repeated contact re-
actions is actually an example of an anamnes-
tic response in the area of delayed hypersen-
sitivity. Under simpler conditions, namely the
sensitization of guinea pigs with five simul-
taneously injected sites of 2.5 y of dinitro-
chlorobenzcnc in 0.1 ml volumes without
adjuvant, initial tests made at 10 days often
have exhibited lesser degrees of sensitivity
than at retests made 10 or 15 days later.
The above results were made with the
potent sensitizers TNCB (picryl chloride)
and DNCB (dinitrochlorobenzene). More
pressing is the question whether the split
adjuvant technique opens the way to effec-
tively induce sensitization in the guinea pigs
by means of "weak" sensitizers. Excellent
sensitizing effects were observed with recrys-
tallized picric acid, which will be presented
in a later publication. Initial experiments
were undertaken with quinine, formalde-
hyde, iodoform, and Penicillin G. Re-
sults with the first two compounds can be
mentioned. Positive contact reactivity to
quinine was established, but a variation was
hitroduced into the usual split adjuvant
technique. Quinine hydrochloride, or the hy-
drochloride partly reduced to the base by ad-
dition of sodium carbonate to its aqueous solu-
tion, was injected intradermally in five sites
of 250 y each; the mycobacterial adjuvant was
injected one hour later and a second injection
of quinine (in the particular form first used)
was made on the following day. Tests were un-
dertaken on days 24, 31, and 38. Five per cent
solutions of quinine hydrochloride in equal
parts of butyl cellosolve and olive oil seemed
the best test solution. At T38, tests were made
with 5, 2.5 and 1 per cent solution; only a
single application was given, but the reac-
tions ascended during two days until 10 ani-
mals out of 12 were found to exhibit good
sensitivity, 9 reacting even to 1% quinine
hydrochloride. Six of these animals had been
sensitized with quinine hydrochloride freshly
mixed with sodium carbonate; these animals
exhibited rather stronger reactions. Similar
sensitivity to quinine had been secured by
Landsteiner and Chase in 1940 (15) by apply-
ing the chemical to cantharidin-irritated sites
and testing the animals usually for three suc-
cessive days with 5% quinine base in a mixed
solvent of one part of dicthylene glycol mono-
butyl ether and three parts of olive oil. In the
experiment described above in detail, a more
regular pattern of sensitivity was encountered,
and 8 of the 12 animals responded with pale
pink to bright pink confluent reactions.
The split adjuvant technique allows the in-
duction of exquisite sensitivity in the guinea
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pig to at least three sensitizers (pierie acid,
picryl chloride, dinitrochlorohenzcne) by a
simple technique. Such animals should he able
to provide a ready source of cells and sera in
transfer experiments, as well as in otber
laboratory investigations of delayed hyper-
sensitivity.
It must be stated that the response of
Hartley strain albino guinea pigs to allergens
given by the split adjuvant technique was not
investigated; in the usual "combination
method" in which picrylated guinea pig
stromata are used in a type of Freund's com-
plete adjuvant (10), Hartley strain animals do
not boost well although a few individuals do
respond (11).
The method should be applicable, perhaps
with somewhat altered routines, to a wide
range of prospective sensitizers and expands
the usefulness of the guinea pig in testing for
potentially allergenic materials in tbe environ-
ment, e.g. prospective testing. While man is
the ultimate test animal for sorting out ma-
terials to which be may be allergic, improve-
ments in methods of sensitizing guinea pigs,
such as the split-adjuvant technique, can be
expected to expand the ability to detect ma-
terials that are potentially allergenic for man.
While it has become customary to incor-
porate antigenic materials into Freund's com-
plete adjuvant by means of a W/O emul-
sifier,—and this procedure may be a requisite
for inducing a high level of antibody synthe-
sis—the need for an intimate relation of my-
cobactcria and antigen was not seen in the
early experiments of Landstciner and Chase in
sensitizing guinea pigs to picryl chloride by
injecting intraperitoneally, on alternate days,
mycobacteria and picrylated crythrocyte stro-
mata (16). Here again, we encounter the
situation that a split adjuvant technique
works well with simple chemical allergens.
In a series of experiments designed to pro-
duce delayed hypersensitivity to formalde-
hyde, sensitization was induced by several
different routines: (a) injection of 100 y form-
aldehyde into each of five sites prepared the
day before with adjuvant; (b) in guinea pigs
already sensitive to tuberculin, injection of
100 y formaldehyde, 1 hour before or 24 hours
after, into each of five sites challenged with
0.05 ml paraffin oil containing 0.1 y heat-
killed tubercle bacilli; (c) six daily applica-
tions of 37% aqueous formaldehyde to five
sites prepared with 0.05 ml paraffin oil con-
taining 5 y heat-killed tuberclc bacilli (Fam-
ily XIII animals). Contact tests to a single
application of one drop formaldehyde solu-
tion gave definite reactions in most animals,
but aqueous formaldehyde solution is not an
ideal challenge material. Lanolin salves were
also used. The reactions were distinctly papu-
lar and developed over two or three days. With
formaldehyde, boosts with further testing were
not definitely seen.
'ATc have as yet had but little experience
relating the technique to the production of
delayed hypersensitivity to macromolecules.
Our experience with ovalbumin has been en-
couraging. In a special range of dosage, oval-
bumin administered by the split adjuvant
technique has proved to become a far more
effective allergen.
SUMMARY
Intradermal administration of small amounts
of mycobacteria in paraffin oil has been found
to enhance markedly the degree of sensitivity
attained when simple chemical allergens are
injected. The mycobacteria may be injected
prior to or within a few hours after the in-
tradermal injection. The method leads to
satisfactory sensitization even of a stock of
guinea pigs (Sewell Wright's Family XIII)
that are rather refractory to sensitization with
respect to allergenic chemicals.
Subsequent skin tests at weekly intervals
boost the sensitivity markedly until a plateau
is reached. This seems to be an instance of an
anamnestic response in a system of purely de-
layed-type hypersensitivity.
Not only picryl chloride and dinitrochloro-
benzcnc behave in this way, but sensitization
to picric acid is markedly enhanced. Sen-
sitization to quinine and, in lesser degree, form-
aldehyde has been attained. It seems probable
that the method, with proper variations, will
allow superior prospective testing in the
guinea pig of materials to be screened for po-
tential allergenicity in the human being.
In a preliminary experiment, delayed sen-
sitivity to ovalbumin was seen to develop un-
der conditions in which simple injection gave
no more than traces of sensitivity.
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